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A bstra cI
To m ake thebriefc o Tr e Ctio n oftll e r e m otely Sen s ed V NIR da.ta, tlLe a.tm O Sphe ric
･c oI 工eCtio n m ethod whichtLSeS Onlythe optic a･1thicknessis propos ed. h thi畠 7 n ethod,
the s atellitedete cted 工adia.n e ei8 a SSTL m edtobe 8 ePaT a.teiTLtO thr e eter m s, Path ra＋di-
a n c e
,
dire ctly r e且e cted n dia皿 Ce a ndthe diqtLS ely 工e丑e ctedr adian ce. Al lofthe th e e
te工m 8 aJ
l
e a･P Pr O Xim a.ted by tilegeo m etry a.nd optic althicknes sbas edflln Ctio n. Tle
c o enicie ntsirLtheftLn Ctio n s a l edeh ed 血o m fr o mthe m ultiple Teg工e SSio n a nalysis
betw e elltl e Opticalthickne5 S a 且d the co mpllted valtLeSfro m the r 礼di&tiv et工a.n SfeT
c odeL O W T R A N7. m o m the c o mpaJis o nbetw e enthe m odels Ⅶ血 ce albedo a.AdltIle
e8tim ated al bedo 血o mtllePr opos ed m ethod, thiB 皿 ethodhasthe potelltial阜o llS.
e and
the po ssibility toim pr o v ef[ o m
'
the gro t md bas ed stufac e/a･tm oBPher e ob5 e工V a.一io n.
1 Intr od11 Ctio n
Tile V egetatio n m onitoringfr o mthe satellitei5the o Ile Of the keyfa cto rsforthe e a rth e n-
viro n m e ntals cie n c e･ The N DVI(No r m aliz ed Diqe r e ntial Vegetatio nIllde x)derived 丘o m
the N O A A/A V ⅡR Rdata sho w llSthe dyn amic cha nge oftlleglobal v egetatio n cha nge
[Ju stice 85]･ Bllt So m e r e se a r che spointed out the atm o sphe ric eRe ct o v e rthe NDV Idata
[Fr a s er85]【SiI1gh88]･ Onthe othe rha nds,the r adiativ etr a n sferpr o_c e Ssinthe V NI Rspe c
-
tr tl m a r e W el stlldied[C ha ndr asek he r60],【Me ador 80]a nd atm o spheric c o rr e ctio n m eth-
ods a r epr opo s ed[Ea u丘n a n88L[Richte r90]. Thes e r e s e a r che ssho w ll Sthe di鮎 tLlty of the
simplified expr e ssio n ofthe r adiativ etra n sferpr o c e ss a nd the di岱cul ty ofthe atm o spheric
data gatheringfo rthe atm o sphe ric c o rrectio n.
h this sttldy,to m akethebriefe‡pr e ssio n ofthe sll rfa c ealbedofr o mthe r e m otely s e n s ed
V NI R data,the sim ple atm o sphe ric c o r r e ctio n m ethod which-use the optical thickne s s a nd
the 8 01aJ. I -S u rfa c e- s atellite ge o m etryis pr opo s ed. Allofthe c o efEcie ntsin the propo s ed
m ethod a r edeh edfro mthe multiple r egr e ssio n analysis betw e e nthe v alu e s c o mptlted
fro mthe r adiativ etr a n sfe r c ode I.O WTRAN 7【En eiz eys88】a･nd the v ariablesderived
fro mthe optical thickn es a ndthe ge o m etry. Also to v erifythe c o rr e ction pe rfo r m a n c e,
the c o mpa ris o nbetw e e nthe m odel a ndthe e stim ated s u rfa c ealbedo a r e m ade.
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2 Radiativ e Tr a n sfe rPr o c e s s
The e xact for mtl a ofthe r adiativ etran8fe 工 Pr O C e S Sin V NI Rspe ctru mis e xpr es s ed a s
follo w s[Cha ndr a s ekhe r60].
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whe r e
i: Opticalthickne s sfro m thetop ofthe atm o sphe r e,
I(i, 0,唾): Radi弧 C e atEto w aJd the dir ectio n of z enith a ngle of 0z mdthe a zim llth a ngle
of唾,
tuo: Albedo for single se a.ttering ofthe a･tm o spher e,
eo: Sola r 2;e nith a ngle,
4o: Solar azim llth angle,
p(㊤,部oo,io): Scattering pha s efun ctio n ofthe atm o sphe r efr o m(eo,¢o)to(0,4'),
I.: Extr a,te rrestrial sola r r adia n c e.
To e valll atethe r adian c e r e a chingthe s atellite,it is n e c es s a ryto kno wthe opticalthickne ss,
al bedo for siI1gle B C atte ring a ndthe phas efu n ctio n, ho w e v e r, thelast tw oPa r a m et r s a x e
di氏c tlt to kno w, o nlythe opticalthickness fro m thetop ofthe a,tm o 8Pher eto the s u rfa c e
is r elativ ely e a syto kno wbyllSingthe sllnPhoto m ete r[Sha w 83]･
3 Sim plified Radiativ e Tra n sfe rEqu atio n
3.1 0 v e r ▼ie w
To e stim atetll e S tlrfa c ealbedofr o mthe r e m otely s e n s ed data, this m e a n sthe atm o spheric
c orrectio n,the a･tm o sphericpa J a m et r S StlCh a s opticalthickne ss, s c atteringphaB efun ctio n
and s o on a rellad to be kno wn . Bllt Onlythe optical thickne ssis r elativ ely e asyto obs e r v e.
So in this stlldy, the r a･diative tr a.n sfer equ atio n which t18eS Only the opticalthickne ss
a ndthe s ola よ･ 1 tl rfa c e- s atellitege o m etryis defin ed a ndthe atm o sphe ric c o rr e ctio n m ethod
which u s e sthis eqllatio n a r e m ade.
The r adia n c e r ea ching a s atelliteJis a ss u m edto be the su m ofthe n e xt thr e e c o mpo n e nt,
1)path l adia n c e:P” 2)dir e ct r e鮎 ctio n r adia n c e‥Rd a nd3)di瓜1Sed r e且e ctio n r adia n c e:
RJ. And au ofthethr e ete r m s are the fun ctio n of the opticalthickne s sfr o mthe top of
tlle atm o sphe r eto the s u 工fa c e:E一, S Ola r z e nith a ngle:eo a nd the obs er v atio n z ellith a Jlge
(s c a n aJngle):0･ The appr o xim ated r adiativ etr a n sfer equ atio nis for m lla･ted aBfo11o w s･
I - P
, 十 Rd ＋ Rf (2)
The s Qla.I a nd obs e r v atio n a zim uth aJlge eqe cts a r e n eglcted a nd allte r m a r eno r maliz ed
bythe e xtr ate Tr e Stria,1s ola r r adia n c e s othat al1ter m a r e sho w nin the albedo lmit･ T he
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fun ctio n s a nd the c o e氏 cients a x edefin edfr o mthe m ultiple r egr es sio n a nalysisbetw e e nthe
valtl e S a ndthe opticalthicknes s a ndthe ge o m etry.
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Fig11re 1: The geo metry oftle Obs eT V atioll.
3. 2
1
path r adian c e for m ulatio n
The path radia n c e 工e aChing a s atellite :(ain the c a s e ofsingle s c attering approiim atio皿 is
e xpr e s s edintothe next e xpr es sio!1[Ts uchiya90]I
I
a
-慧Iop(eA;Oo,¢o) 読 (1 - e xp[-(- ･ -d)E･]) (3)
whe r e m a nd 7no a r e Obs er v atio n a nd s ola rair n a b s r e sp ctiv ely･
Fr o mthis fact andthe c o n岳ide r atio n ofthe mul tipl早 S C attering, Path r adia n c eP, is
as s n m edto bethe n e xt fo r m ula.
P, 巴 Cl mE& ＋ C2
1 - e xp(- n oe一)
m o
･ c3 荒 (ト e xpト(- ' m o)E.]l＋ Co (4)
whe re C)ら a rethe c o e氏cie nts.
3.3 D ir e ct re且e ctio n r adia n c efo r m ulatio n
The dir e ct r e且e ctio n r adia n c eis e xactly e耳preS S ed a点fo1lo w s･
Rd = A. 聖 地 (5)
m o
whe r eA
.
is the s u rfac e albedo. And in this c as ethe s u rfajC eis a s s-1 m edto be the La mbc r-
tia n.
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3.4 I)ifftl S e･r e且e ctio n r ad ia n c efor m 11atio n
The diqtlS e r adiatio n c a nbe pr opo rtio n alwi ththe r est ofthedire ct tr an smi tted r adiation,
s oin this c a s ethe diffu s e r e且 ct r adia n c eis a,pproxim ated a sfollo w s.
Df I A.[cIE. e耳pト7noE.)＋ eo]il - e xpト(m ＋ m o)E.])
whe r e c's a r ethe c oe氏cie nts.
(6)
3･5 At m o sphe ric c o r r e ctio n fo r m ula
Fr o mthe abo v e c on side r atio n,the atm o spll eric c o rr e ctio nfo r mulais e xpr e ss ed asfollo w s.
A .
( - P,
望 ヒ宅 地 1＋【cIE, esp(- m oE&)＋ col(1 - e xpト(m ＋ m o)f.]1 (
7)
4 Ve rific atio n
To de丘n etlle C O e戊cie nts a nd the v erific atio n, the n tl m e rical5lmulatio n ba s ed o nthe rat,
diativ etr a n sfer c ode L OW T R A N 7ar e m ade･ h this sin 11atio n
,
the r adia n c e re a ching a
s atellite
, path r adi弧 C e,dir e ct r e且e ctio n r adia n c e anddi瓜15 e r e且 ctio n r adian c e a re c o m-
puted〉 弧 d fro mthethe s e valu es) the c o eEicie nts a r edelin ed 丘o m the mul tiple r egr e ssio n
a nalysis･ In this simulatio n, cha n n el la nd 2of N O AA/A V ⅡR R is s up po sedto be atheta r-
gets e n s o r
.
, a ndthe r egr e ssio n for m ulain e a chcha n n elandthe for w a rd/ba ckw a rd scattering
dir e ctio n lS eSta.blished.
4.1 Sim ulatio n c o nditio ns
A tm o sphe ric m odels :Tr opic, M idlatitllde sli m m e r/winte r, Sllba r ctic s tl m m e r/winte r.
W a v ele ngth: O1635(ch･ 1), 0･833(ch. 2)[JL m]
Sllrfa c e visibility: 5, 23[km]
Aer osol: Rl u al m odel
Sll rfa c ealt･ edo :0･01, 0･05,0.1, 0.15, 0.2, 0.25,0.3, 0.4
Solar z enith a ngle: 30,50, 60, 70,80[deg.]
O bserv atio n zenith a ngle : 16 0, -30, 0, 30, 60[deg.] (- m e a n sthe ba ckw a rd s c attering
dir e ctio n)
4･2 Re s ult(Path Radia n c e)
T he c oefEcie nts a Jldthe R M Se rr o r ofthe pa･th r adia n c e e stim atio n a r etabled a sfollo w s,
a ndthe c o mpa 工is o nbetw e e nthe model a ndthe e stim atedpath radia n c e a r e sho w n.
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Table 1: CoefBcie nts a nd R M Se rr o r ofthepath r adia n c e e stim atio n
C l C 2 C 3 C O R M S
C h. 1 Fo r w a rd
Cll. 1 Backw a rd
C h. 2For waxd
Ch. 2 Ba£kw a rd
.1196 E-01
.1129丑-01
.1227 E-01
.1215 E-01
.9957 E-01
.1191 E＋00
.8015 E-01
.8441 E101
.1209 払02
-
.5729B-01
-
.2016 E-01
-
.4985BOl
.7911 B O3
.8509 E- 02
.3108E-03
.5655 E- 02
.6904 E-02
.6113BO2
.6717 E-02
.6480 正一02
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Figtlr e2‥ Co mparis o nbetw e e nthe m odel a ndthe estim atedpath radia n c e
The re sult sho w sthe goodcor re spo nde n c e)butso m e dispe r sio n a re sho w nin la rge path
r adia n c e. T hisisbe c a tLS ethe n egle ct ofthe s c atteringpha sefun ctio n･
4･ 3 Re sult(D iffu s e r e瓜e ctio n r adian c e)
T he c o efRcie nts and the R M Ser r o r ofthe difftlSe re且e ctio n r adia n c e estim atio n a r eta,bled
as follo w s, a nd the co mpa rison betw e enthe m odel a nd the e stim ated diffu s e r e且 ctio 皿
r adia n c e a r e sho w n.
Table2･. Co e岱cie nts a 且d R M Ser r or ofdi瓜1S e r e且 ctio n r adiaJI Ce e stim atio n
cl cO R 氾S
Ch. 1 Fo r w a rd
Ch. 1 Ba ckw a rd
C h. 2 Fo r w a rd
Ch. 2 BaL:kw a rd
.1601 E ＋01
.1607E＋01
.1507E ＋01
.1542 E ＋01
.3035 E-01
.4217 EI Ol
.2022 E-01
.2670 B Ol
.9923 E-02
.9591 E-02
.1084B-01
.1074ELO1
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Figu r e3: Co mpa ris o nbetw e e nthe m odel a ndthe e stim ated di瓜1 畠e r e丑e ctio n r a-dia n c e
The re 和1tsho w sthe r elativ elyla rge dispe r sio n･ TIle main c a u s e of the dispe r sio nisthe
lack ofthe do wn wa･rdir r adia n ce chas a･cteriz atio n】in this c a s eit is n e c e ss a ry to tlS ethe
s c a･tte n ng pa r a m et r s.
4･4 Re sult(Surfa c eal bedo e sti- atio n)
Fr o mthe above c o n side r atio n, the stl rhc e al bedo c a nbe estim atedfr o mthe pr opo s ed
simpliRed r adiativ etr a n sfe r eqtl ation ･ The stlrfaJC ealbedois e stim ated fro m the co mputed
r adia n c efr o m L O W T R A N 7
)
optic althickness and the ge o m etry, a ndiB C O mpa r ed wi th
the m odel valll e S. The R MS er r o r oftile StLrfa c eal bedo estim atio n a r etable s a sfo11｡ w s
andthe c o mparis o nbetw e e ntll e m odel a 凪dtlee stim ated sllrfa c eal bedo a r e sho w n.
Table 3: R MS e r r or ofthe sllrfa c ealbedo e stim atio n
R M S
Ch. 1Fo r w a Jd
Ch. 1 Ba ckw ard
Ch 2Fo r w a Jd
Ch. 2 Ba ckw a rd
.3580 EL101
.3774 EL･01
.4162 B101
.4151ELOl
- 128-
○局
.(⊃
-
ql
q)
O
吋
L
E
: ⊃
の
0
て)
○
≡
0.4
0.35
0.3
0.2 5
0.2
0.15
0.1
0.0 5
0
ch. 1 Forward
ch. 2 Ba ckward
ch. 2 For ward
ckward
0 0.1 0.2 0.3 0.4 0.5 0.6
Estim ateds u*a c e a[bedo
Figu r e4: Co mparis o nbetw e e nthe m odel a ndthe e stim ated s u rfa c ealbedo
The r e slユIt sho w sthela rge dispe rsio ninla,rge s u rfa.c e albedo c a s e. This m 血 ca u s eis
the u n c e rt ainty ofthe di瓜1 S e r efl ctio n cha r a cteriz atio n. T his will bethelimitation of the
atm o sphe ric c o rr e ctio n whicll llS e S O nlythe optical thickne ss a ndthege o m etry.
5 Co n clu sio n
T he r e s ultsle ad the fo1lo w lng C O n CltlSio n. The atm o spheric c o rr e ctio n m et hod ba s ed o n
the simplified r adiativ etr a n sfe r eqll atio n which tl Se S Only the opticalthickness and the
ge o m etryhasthepote ntialto m akethe briefe stim ation ofthe s u rfa ceal bedo and hasthe
c o n v emie rLC etO defin ethe pa J a m et r Sfl
･
Orn the gr oll nd bよsed atm o sphe r e/su rfa c e obs er va-
tio n. To impr ove this method,it is n e ces s a ryto co n siderthefollo w i ngite m s･
'
● m ode detailed cha r a cte riz atio n ofthediffu se re且e ctio rL r adia n c e,
｡ c o II Side r atio n oftheinte r- cha n n el depe nde n c e ofthe radiatio npar a m et r s,
● r obu stn e s ofthe obse r v atio n er r o r.
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